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(54) MULTILAYER OPTICAL DISK, AND METHOD AND DEVICE FOR RECORDING OPTICAL 
INFORMATION THEREON 



(57) A disc capable of reproducing an address sig- 
nal and a data signal correctly even by using a multilayer 
optical disc that includes a plurality of recording repro- 
duction surfaces bonded together in a state in which 
front positions in sectors of the respective recording re- 
production surfaces do not match completely, a method 
and a device are provided. In one embodiment, a rela- 
tionship between a bonding precision L and a length G 



of a gap area is determined to be L^G. In another em- 
bodiment, by recording infonnation in a range of a length 
corresponding to the bonding precision L not only in the 
data area but also in the gap area, a data recording start- 
ing position and a data recording ending position for 
each sector of the respective recording reproduction 
surfaces are matched. In yet another embodiment, 
guard areas are provided in a tip portion and a back end 
portion ot the data area. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a multilayer 5 
optica! disc having a plurality of recording reproduction 
surfaces, a method and a device for recording optical 
information in this multilayer optical disc. 

BACKGROUND ART io 

[0002] A conventionally known multilayer optical disc 
capable of recording on and reproducing from a plurality 
of recording reproduction surfaces is described, for ex- 
ample, in JP 1 0(1 998)-5051 88A. 15 
[0003] In the following, the structure of a conventional 
multilayer optical disc will be explained by referring to 
the drawings. FIG. 7 is a cross-sectional view showing 
a conventional optical disc 10 taken in the direction per- 
pendicular to the track direction. In addition, for simpli- 2Q 
fying the explanation, an optical disc of a double layer 
structure will be used. 

[0004] As shown in FiG. 7, a guiding groove 7 for 
tracking (alternatively, an address signal recorded in ad- 
vance and formed as a pit) is formed on one surface ^5 
side of a first substrate 1 , and further on this surface, a 
recording reproduction film for partially reflecting and 
partially transmitting an optical beam 8 entering the first 
substrate 1 , focused by an objective lerss 9, is formed to 
create a first recording reproduction surface 3. Further- 30 
more, a guiding groove 6 for tracking (alternatively, an 
address signal recorded in advance and fonned as a pit) 
also Is formed on the surface of a second substrate 2, 
and a recording reproduction film for reflecting the opti- 
cal beam 8 passing through the first recording reproduc- 55 
tion surface 3 is formed to create a second recording 
reproduction surface 4. Furthermore, a separating layer 
5 is interposed to separate the first recording reproduc- 
tion surface 3 and the second recording reproduction 
surface 4 and to bond them together. 
[0005] However, the multilayer structure as men- 
tioned above (double layer structure in the conventional 
example) suffers from the foliowing problem when the 
bonded state in the cross-sectional view taken perpen- 
dicular to the aforementioned cross-sectional view, that 
is in the track direction, is as that shown in FIG. 8. • 
[0006] In addition, for explanatory purposes, FIG. 8 
expresses the actual sector structure (shown in FiG. 9 
(b)) of a multilayer optical disc, which is shown as a plan 
view in FIG. 9 (a), intheform of a schematic sector struc- so 
ture for each recording reproduction surface. 
[0007] FIG. 9 (b) is, as shown in FIG. 9 (a), an en- 
larged view of the vicinity of an address area 92 in a 
certain track among a group of tracks 91 formed as con- 
centric circles or spirally in the multilayer optical disc, 55 
and shows a part of a groove portion 93 in the (n"1)th 
sector, an address pit portion 941 corresponding to an 
address area of the nth sector to be described later, and 



a part of a groove portion 942 in the following nth sector 
94. This groove portion , expressed i n the form of a sche- 
matic sector structure, is divided into a gap area and a 
data area to be deschbed later. 

[0008] Moreover the constituent elements shown In 
FiG. 7, i. e. the first substrate 1 , the second substrate 2 
and the separating layer 5 are omitted in FiG. 8 for ex- 
planatory purposes. 

[0009] In FIG. 8, 31 is a first recording reproduction 
surface, and 41 is a second recording reproduction sur- 
face, 311 , 312 and 313 respectively are an address ar 
ea, a data area and a gap area for dividing the address 
area 311 and the data area 312 in the first recording re- 
production surface 31 . Moreover, 41 1 , 41 2 and 41 3 re- 
spectively are an address area, a data area and a gap 
area for dividing the address area 41 1 and the data area 
412 in the second recording reproduction surface 32. 
[001 0] The gap areas 313, 413 are provided to per- 
form a signal processing, when a recording and a repro- 
duction for a multilayer optical disc are performed by a 
drive, by clearly separating a reproduced address signal 
and a reproduced data signal of a data area, and by 
avoiding the gap areas 313, 413, the recording opera- 
tion is performed respectively for the first recording re- 
production surface 31 and the second recording repro- 
duction surface 41 . 

[0011] However, as shown in FIG. 8, when the neads 
of the address areas 311 and 411, that Is, the front po» 

when this amount of shift LI is larger than a length G1 
of the gap areas 313 and 413, an area A1 , which Is an 
area at the rear end portion in the address area 311 of 
the first recording reproduction surface 31 , overlaps with 
an area A2, which is an area at the front end portion in 
the data area 412 of the second recording reproduction 
surface 41 , in the irradiation direction of an optical beam 
81 , that Is, seen from above the surface. In addition, a 
length of the area Al and that of the area A2 are equal 
to L1- G1 . 

[0012] Furthermore, the optical beam 81 passes 
through the area A1 of the first recording reproduction 
surface 31 and is emitted onto the area A2 of the second 
recording reproduction surface 41 to record information. 
[0013] Here, when the two recording reproduction 
surfaces of this multilayer optical disc are made of phase 
change type recording reproduction films, a recording 
in a phase change type recording reproduction film is 
performed based on the principle of changing its crystal 
structure by irradiation of a high-power optical beam. 
Therefore, when the recording is preformed for the area 
A2 in the second recording reproduction surface 41 , that 
is, for the area at the front end portion in the data area 
412 of the second recording reproduction surface 41 , 
the high-power optical beam 81 is emitted also onto the 
area Al at the rear end portion in the address area 311 
of the first recording reproduction surface 31 . 
[0014] Therefore, the crystal structure of the record- 
ing reproduction film formed on one part in the address 
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area 311 of the first recording reproduction surface 31 
aiso is affected. As a result, when the address area 311 
of the first recording reproduction surface 31 is to be 
reproduced after completing the recording operation for 
the second recording reproduction surface 41 , the S/N 
ratio of the reproduced signal is deteriorated, and the 
problem that the address information cannot be recog- 
nized correctly arises. 

[0015] Furthermore, the example shown in FIG. 8 was 
explained by referring to the case where the first record- 
ing reproduction surface 31 and the second recording 
reproduction surface 41 were bonded together in a state 
in which the front position in the sector of the first re- 
cording reproduction surface 31 is shifted to the right 
side of the surface relative to the second recording re- 
production surface 41 , Similarly, also in the case where 
the front position in the sector of the first recording re- 
production surface 31 is shifted to the left side of the 
surface relative to the second recording reproduction 
surface 41 and bonded together the address area 41 1 
of the second recording reproduction surface 41 is af- 
fected when a recording operation for the first recording 
reproduction surface 31 is performed. As a result, the 
S/N ratio of the reproduced signal from the address area 
411 is deteriorated, and the problem that the address 
information cannot be recognized correctly arises 
[0016] Moreover, the conventional example was ex- 
plained by referring to the case of having two recording 
reproduction surfaces, but also in the case of having 
three and more recording reproduction surfaces, a re- 
cording operation for an arbitrary recording reproduction 
surface affects address areas in other recording repro- 
duction surfaces, so that the problem that this address 
infoimation cannot be recognized correctly arises, 
[0017] Furthermore, in the case where data are a!- 35 
ready recorded in the data areas of both recording re> 
production surfaces, at the time when a recording oper- 
ation is performed for one of the recording reproduction 
surfaces, also for the data area in the other recording 
reproduction surface, a high-poweropticaf beam is emit- 40 
ted onto an area where the respective data areas over- 
lap with each other (A3 shown in FIG. 8), so that errors 
arise due to the deteriorated S/N ratio of the reproduced 
signal. Generally, an error correction code is appended 
to data, so that the content of the reproduced data is 
restored by this function to some degree but not com- 
pletely. The deterioration in the S/N ratio of the repro- 
duced signal in this data area will be explained below 
more in detail. 

[0018] Like FIG. 8, FIG. 10 is a diagram expressing 
the actual sector structure of a conventional multilayer 
optical disc in the form of a schematic sector structure 
for each recording reproduction surface. In addition, in 
FIG. 1 0, the same reference numerals are given to the 
same constituents as those in FIG. 8, and the explana- 
tions thereof are omitted. 

[0019] First, RG. 1 0 (a) will be explained. FIG. 1 0 (a) 
shows a state in which the first recording reproduction 



surface 31 is shifted in the scanning direction (to the 
right side of the surface) of the optical beam 81 relative 
to the second recording reproduction surface 41 and 
bonded together. In FIG 10, a section Z1 or a section 
5 Z3 is an area where the data area 312 of the first record- 
ing reproduction surface 31 does not overlap with the 
data area 412 of the second recording reproduction sur- 
face 41 and corresponds to a predetermined precision 
at the time when the two recording reproduction surfac- 
10 es are bonded together. Moreover, a section 22 shows 
an area where the data area 312 of the first recording 
reproduction surface 31 overlaps with the data area 41 2 
of the second recording reproduction surface 41 . 
[0020] When optical infomnation (data) is already re- 
15 corded in the data area 312 of the first recording repro- 
duction surface 31 , due to the fact that the optical con- 
ditions of the recording reproduction surfaces differ and 
that the transmittances of the optical beam 81 are dif- 
ferent, the recording power of the emitted optical beam 
^0 81 differs in the section Z1 and in the section Z2 of the 
data area 41 2 on the second recording reproduction sur- 
face 41 . 

[0021] Next, FIG. 10 (b) will be explained. FIG. 10 (b) 
shows a state in which the first recording reproduction 
surface 31 is shifted in the direction opposite to the scan- 
ning direction (to the left side of the surface) of the op- 
tical beam 81 relative to the second recording reproduc- 
tion surface 41 and bonded together As in FIG. 10 (a), 
the section Z1 or the section Z3 shown in FIG. 10 (b) is 
an area where the data area 312 of the first recording 
reproduction surface 31 does not overlap with the data 
area 412 of the second recording reproduction surface 
41 and corresponds to a predetennined precision at the 
time when the two recording reproduction surfaces are 
bonded together. Moreover, as in FIG. 10 (a), aiso the 
section Z2 shows an area where the data area 312 of 
the first recording reproduction surface 31 overiaps with 
the data area 412 of the second recording reproduction 
surface 41 . 

[0022] Here, when data are already recorded in the 
data area 312 of the first recording reproduction surface 
31 , due to the fact that the optical conditions of the re- 
cording reproduction surfaces differ and that the trans- 
mittances of the optical beam 81 are different, the re- 
45 cording power of the emitted optical beam 81 differs in 
the section Z1 and in the section Z2 of the data area 412 
on the second recording reproduction surface 41. 
[0023] When the transmittance before recording is 
smaller than the transmittance after recording, a record- 
^0 ing for the second recording reproduction surface 41 is 
performed by taking this transmittance into account. But 
even when the data could be recorded with an optimal 
recording power in the section Z2, a recording beam 
with an excessive power is emitted onto the portion cor- 
55 responding to the section Z1 (in the case of FIG. 1 0 (a)) 
or the section Z3 (in the case of FIG. 10 (b)). On the 
other hand, when the transmittance before recording is 
larger than the transmittance after recording, a record- 
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ing for the second recording reproduction surface 41 is 
perfornned by taking thig transmittance into account. But 
even when the data could be recorded with an optimal 
recording power in the section Z2, a recording beam 
with a much smaller power will be emitted onto the per- ^ 
tion corresponding to the section Z1 (in the case of FIG. 
1 0 (a)) or the section Z3 (in the case of FIG. 1 0 (b)).. 
[0024] As a result, when a reproduction signal is to be 
obtained from the second recording reproduction sur- 
face 41 , a difference in the signal amplitude of the re- io 
production signal may arise between the portions cor- 
responding to the sections Z1 and Z2 (in the case of 
FIG. 1 0 (a)) or the sections Z2 and Z3 (in the case of 
FIG, 10(b)). Thus, a difference in the S/N ratio may arise 
within the data area, so that a part of the data recorded 15 
in the second recording reproduction surface 41 may not 
be read out correctly even by using an error correction 
code appended to the data. 

[0025] In particular, when a phase change type mate- 
rial is used for the recording films constructing the re- 20 
cording reproduction surfaces, due to the fact that its 
phase state changes (crystal state and amorphous 
state) by recording data, the difference In the transmit- 
tance before and after the recording Is large, so that the 
problem mentioned above becomes more notable. 25 

DISCLOSURE OF THE INVENTION 

tion to provide a multilayer optical disc capable of repro- 30 
ducing an address signal and a data signal correctly 
even when using a multilayer optical disc that is made 
up of a plurality of recording reproduction surfaces 
bonded together In a state in which front positions in sec- 
tors of the respective recording reproduction surfaces 35 
do not match completely. Another object is to provide a 
method and a device for recording optical information in 
this multilayer optical disc. 

[0027] To achieve the above object, a first multilayer 
optical disc of the present invention is characterized in 40 
that the multilayer optical disc has a plurality of recording 
reproduction surfaces having a sector structure, in 
which an address area and a data area recorded in ad- 
vance are divided by a gap area of a predetermined 
length, and that the plurality of recording reproduction 
surfaces are bonded together such that front positions 
of sectors in the plurality of recording reproduction sur- 
faces are aligned with a precision of not more than the 
length of the gap area. 

[0028] Furthermore, to achieve the above object, a so 
second multilayer optical disc of the present invention 
Is characterized in that a plurality of recording reproduc- 
tion surfaces having a sector structure, in which an ad- 
dress area and a data area recorded in advance are di- 
vided by a gap area, are bonded together with a prede- 55 
termined precision with reference to front positions of 
the sectors, and that the length of the gap area Is not 
less than the predetermined precision with reference to 



the front positions of the sectors. 

[0029] Furthermore, to achieve the above object, a 
third multilayer optical disc of the present invention is 
characterized in that the multilayer optical disc includes 
a first recording surface and a second recording surface, 

each having an address area, a data area for recording 
information and a gap area with a predetermined length 
arranged between the address area and the data area, 
wherein an amount of displacement between a front po- 
sition in the address area of the first recording surface 
and a front position in the address area of the second 
recording surface, seen from a direction of a beam emit- 
ted onto the recording surfaces for recording and repro- 
duction of information, is smaller than the length of the 
gap area. 

[0030] Furthermore, to achieve the above object, a 
fourth multilayer optical disc of the present invention is 
characterized In that the multilayer optical disc includes 
a first recording surface and a second recording surface, 
each having an address area, a data area for recording 
information and a gap area with a predetermined length 
arranged between the address area and the data area, 
wherein an amount of displacement between a back end 
position in the address area of the first recording surface 
and a back end position in the address area of the sec- 
ond recording surface, seen from a direction of a beam 
emitted onto the recording surfaces for recording and 
reproduction of information, is smallerthan the length of 
the gap area. 

[0031] Furthermore, to achieve the above object, an 
optical information recording method according to the 
present invention is a method for recording optical Infor- 
mation in a multilayer optical disc Including a plurality of 
recording reproduction surfaces formeci on every layer, 
with a sector structure having a gap area arranged be- 
tween an address area and a data area in a scanning 
direction of an optical beam, wherein a bonding preci- 
sion L with reference to a front position in the sector of 
a certain recording reproduction surface and a length G 
of the gap area in the scanning direction satisfies a re- 
lationship of L^G for ail recording reproduction surfac- 
es. The method is characterized by the steps of detect- 
ing an amount of displacement between front positions 
in the sectors of other recording reproduction surfaces 
relative to the front position in the sector of the certain 
recording reproduction surface, and, based on the de- 
tected amount of displacement, determining a data re- 
cording starting position and a data recording ending po- 
sition for each recording reproduction surface such that 
the data recording starting position and the data record- 
ing ending position of the respective sectors are 
matched In the plurality of recording reproduction sur- 
faces. 

[0032] In addition, in the optical Information recording 
method of the present invention, it Is preferable that the 
data recording starting position and the data recording 
ending position respectively are determined to be the 

starting position and the ending position in the data area 
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of the recording reproduction surface where the front po- 
sition of the sector is displaced most in a direction op- 
posite to the scanning direction among the plurality of 
recording reproduction surfaces. 

[0033] Furthermore, to achieve the above object, an 5 
optica] Information recording device according to the 
present invention is a method for recording optical infor- 
mation in a multilayer optical disc including a plurality of 
recording reproduction surfaces formed on every layer, 
with a sector structure having a gap area arranged be- io 
tween an address area and a data area in a scanning 
direction of an optical beam, wherein a bonding preci- 
sion L with reference to a front position in the sector of 
a certain recording reproduction surface and a length G 
of the gap area in the scanning direction satisfies a re- 15 
tationship of L^G for all recording reproduction surfac- 
es. The device is characterized in that the device in- 
cludes a detection part for detecting an amount of dis- 
placement between front positions in the sectors of oth- 
er recording reproduction surfaces relative to the front 20 
position in the sector of the certain recording reproduc- 
tion surface, and a gate signal generation part for gen- 
erating a gate signal designating a data recording end- 
ing position from a data recording starting position for 
each recording reproduction surface to match the data 2s 
recording starting positions and the data recording end- 
ing positions of the respective sectors in the plumWty of 
recording reproduction surfaces, based on the amount 
of displacement detected by the detection part. 
[0034] In addition, in the optical information recording 30 
device of the present invention, it is preferable that the 
gate signai designates the data recording starting posi- 
tion and the data recording ending position to be the 
starting position and the ending position in the data area 
of the recording reproduction surface where thefront po- 35 
sition of the sector is displaced most In a direction op- 
posite to the scanning direction among the plurality of 
recording reproduction surfaces, 

[0035] Furthermore, to achieve the above object, a 
fifth multilayer optical disc of the present Invention is 40 
characterized in that the multilayer optical disc includes 
layers on which a plurality of recording reproduction sur- 
faces are formed, with a sector structure having a gap 
area arranged between an address area and a data area 
in a scanning direction of an optical beam, bonded to- 45 
gether such that front positions in the sectors of the re- 
spective recording reproduction surfaces are contacted 
closely to each other in the scanning direction by a pre- 
determined precision, wherein guard data recording ar- 
eas having a length of not less than the predetermined 50 
precision are allocated to a tip portion and to a back end 
portion of the data area in the scanning direction. 
[0036] According to the configuration mentioned 
above, by determining the bonding precision between 
the plurality of recording reproduction surfaces to be not 55 
more than the predetermined length of the gap area or 
by determining the length of the gap area to be not less 
than the bonding precision between the plurality of re- 



cording reproduction surfaces of the multilayer optical 
disc, a recording operation for an arbitrary recording re- 
production surface does not affect address areas in oth- 
er recording reproduction surfaces, so that the address 
Information can be recognized correctly after complet- 
ing the recording at the time of reproduction. 
[0037] Moreover, even when the plurality of recording 
reproduction surfaces are bonded together in a state in 
which they are not matched but shifted, by satisfying the 
relationship of L^G between the predetermined preci- 
sion L corresponding to this amount of displacement 
and the length G ofthe gap area, matching the recording 
range for a certain recording reproduction surface with 
the data area, determining the recording range for other 
recording reproduction surfaces to be an area including 
a part of the gap area In addition to the most part of the 
data area, and recording while matching the data re- 
cording starting positions and the data recording ending 
positions in the plurality of recording reproduction sur- 
faces, even in the case where the certain recording re- 
production surface is already recorded, the recordingfor 
the other recording reproduction surfaces can be per- 
formed with a unifonn recording power. Therefore, a 
non-uniform recording power can be prevented, and an 
amplitude difference in the reproduction signal ofthe da- 
ta, that is, a S/N difference is suppressed, so that the 
recorded data information can be reproduced correctly. 
[0038] Furthennore, even when the respective data 
areas in the p^uraji^y of recording reproduction surfaces 
have portions overlapping in the scanning direction, by 
providing guard data recording areas for data protection 
in the tip portion and the back end portion of the data 
areas, the reproduced data Infomriatlon Is not affected 
even when there Is an amplitude difference In the repro- 
duction signal in these guard data recording areas re- 
sulting from the effective power difference in the record- 
ing beam, and therefore, correct reproduced data infor- 
mation can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] 

FIG. 1 is a diagram showing a schematic sector 
structure of each recording reproduction surface in 
a multilayer optical disc according to a first embod- 
iment ofthe present invention. 
FIG. 2 is a diagram showing a schematic sector 
structure of each recording reproduction surface in 
a multilayer optical disc according to a second em- 
bodiment of the present invention. 
FIG. 3 (a) and FIG. 3 (b) are diagrams respectively 
showing a schematic sector structure of each re- 
cording reproduction surface in a multilayer optical 
disc for explaining one example of a recording 
method of a multilayer optical disc according to a 
third embodiment ofthe present invention, in cases 
where a first recording reproduction surface is shift- 
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ed in the scanning direction relative to a second re- 
cording reproduction surface and in the direction 
opposite to the scanning direction. 
FIG. 4 is a block diagram showing an configuration 
of a multilayer optical disc recording device accord- s 
ing to a fourth embodiment of the present invention. 
FIG. 5 (a) and FIG. 5 (b) are timing charts of major 
signals in the multilayer optica! disc recording de- 
vice shown in F!G. 4 respectively corresponding to 
a displacement of each recording reproduction sur~ io 
face shown in FIG. 3 (a) and FIG. 3 (b). 
FIG. 6 (a) and FIG. 6 (b) are diagrams respectively 
showing a schematic sector structure of each re- 
cording reproduction surface in a multilayer optical 
disc according to a fifth embodiment of the present 15 
invention, incases where a first recording reproduc- 
tion surface is shifted in the scanning direction rel- 
ative to a second recording reproduction surface 
and in the direction opposite to the scanning direc- 
tion. 20 
FIG. 7 is a cross-sectional view showing a conven- 
tional multilayer optical disc taken in the direction 
perpendicular to the tracking direction. 
FIG. 8 is a diagram showing a schematic sector 
structure of each recording reproduction surface in 25 
a conventional multilayer optical disc. 
FIG. 9 (a) and FIG. 9 (b) respectively are a plan view 
of a multilayer optical disc and an enlarged view of 
a vicinity of an address area in a track. 
FIG, 10 (a) and FIG. 10 (b) are diagrams respec- 30 
tively showing a schematic sector structure of each 
recording reproduction surface in a conventional 
multilayer optical disc, in cases where a first record- 
ing reproduction surface is shifted in the scanning 
direction relative to a second recording reproduc- 35 
Won surface and in the direction opposite to the 
scanning direction. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 

[0040] in the following, preferable embodiments of the 
present invention will be explained by referring to the 
drawings. Here, for the purposes of simplicity, a multi- 
layer optical disc having a doubie layer structure will be 
used for explanation. 45 

First Embodiment 

[0041 J FIG. 1 shows the sector structure of each re- 
cording reproduction surface in a multilayer optical disc 
accordingtoafirst Embodiment of the present Invention, 
which is expressed in the form of a schematic sector 
structure for clarifying the characteristics of the present 
invention, as with FIG. 8 showing a conventional exam- 
ple. 55 
[0042] In FIG. 1 , 32 and 42 respectively are a first re- 
cording reproduction surface and a second recording re- 
production surface in the present embodiment shown in 



the form of sector formats. Furthermore, 321 and 421 
respectively are address areas of the first recording re- 
production surface 32 and the second recording repro- 
duction surface 42, and 322 and 422 respectively are 
data areas of the first recording reproduction surface 32 
and the second recording reproduction surface 42. 323 
and 423 respectively are gap areas with a predeter- 
mined length in the first recording reproduction surface 
32 and the second recording reproduction surface 42, 
both of which are G2 in length. 

[0043] Furthermore, L2 shows an amount of displace- 
ment between front positions in sectors of the respective 
recording reproduction surfaces at the time when the 
first recording reproduction surface 32 and the second 

recording reproduction surface 42 are bonded together 
This amount of displacement L2 satisfies the relation- 
ship L2^G2, where G2 is the length of the gap areas 
323 and 324. Thus no overlapping area exists vyhen 
viewed from above the surface in the irradiation direc- 
tion of an optical beam 81 , such as can be seen in FIG. 
8 at the back end of the address area 321 of the first 
recording reproduction surface 32 and at the front end 
of the data area 422 of the second recording reproduc- 
tion surface 42. The tolerance in the amount of displace- 
ment L2 where no overlapping area exists corresponds 
to the length G2 of the gap area 323 and 423. In other 
words, when the bonding precision L2 between thefront 
positions of the sectors is determined to be not more 

does not exist any more. 

[0044] Therefore, according to FIG. 1 , when a record- 
ing for the second recording reproduction surface 42 is 
performed, a high-power optical beam 82 Is emitted 
from the front in the data area 422 of the second record- 
ing reproduction surface 42, and at this time, an area of 
the first recording reproduction surface 32 on which the 
high-power optical beam 82 is emitted Is its gap area 
323. Thus, a high-power irradiation to the address area 
321 of the first recording reproduction surface 32 can 
be avoided, and the crystal structure of a recording re- 
production film formed in the address area 321 is not 
affected. As a result, even when the address area 321 
of the first recording reproduction surface 32 is repro- 
duced after the recording operation for the second re- 
cording reproduction surface 42 is completed, the S/N 
ratio of the reproduced signal is not deteriorated, and 
the address information can be recognized correctly. 
[0045] Furthermore, as shown in FIG. 1 , the present 
embodiment was explained by referring to the case in 
which the first recording reproduction surface 32 and the 
second recording reproduction surface 42 are bonded 
together in a state in which the front position in the sector 
of the first recording reproduction surface 32 is shifted 
to the right side of the surface relative to the second re- 
cording reproduction surface 42. However, also In the 
case in which the front position in the sector of the first 
recording reproduction surface 32 is shifted to the left 
side of the surface relative to the second recording re- 
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production surface 42 and bonded together, when a re- 
cording operation for the first recording reproduction 
surface 32 is performed, the high-power optical beam 
82 is emitted from the front in the data area 322 of the 
first recording reproduction surface 32, and at this time, 
an area of the second recording reproduction surface 
42 on which the high-power optica! beam 82 is emitted 
is its gap area 423. 

[0046] Therefore, a high-power irradiation to the ad- 
dress area 421 of the second recording reproduction 
surface 42 can be avoided, and the crystal structure of 
a recording reproduction film formed in the address area 
421 is not affected. As a result, even when the address 
area 421 of the second recording reproduction surface 
42 is reproduced after the recording operation for the 
first recording reproduction surface 32 is completed, the 
S/N ratio of the reproduced signal is not deteriorated, 
and the address information can be recognized correct- 
ly. 

[0047] Furthermore, the present embodiment was ex- 
plained by referring to the case of having two recording 
reproduction surfaces. However it is needless to say 
that even when there are three or more recording repro- 
duction surfaces, a recording operation for an arbitrary 
recording reproduction surface does not affect address 
areas in other recording reproduction surfaces, and that 
the address information can be recognized correctly. 
[0048] In this way, by bonding together the plurality of 
recording reproduction surfaces such that the amount 
of displacement between the front positions of the sec- 
tors in the plurality of recording reproduction surfaces, 
that is, the bonding precision forthe plurality of recording 
reproduction surfaces, is not more than the predeter- 
mined length of the gap area, the address Information 
can be recognized correctly when it is reproduced after 
recording. 

Second Embodiment 

[0049] FIG. 2 shows the sector structure of each re- 
cording reproduction surface in a multilayer optical disc 
according to a second Embodiment of the present in- 
vention, which is expressed in the form of a schematic 
sector structure for clarifying the characteristics of the 
present invention, as in the first Embodiment. 
[0050] In FIG. 2, 33 and 43 are a first recording repro- 
duction surface and a second recording reproduction 
surface in the present embodiment shown in the form of 
sector formats. Furthermore, 331 and 431 respectively 
are address areas of the first recording reproduction sur- 
face 33 and the second recording reproduction surface 
43, and 332 and 432 respectively are data areas of the 
first recording reproduction surface 33 and the second 
recording reproduction surface 43. 333 and433 respec- 
tively are gap areas of the first recording reproduction 
surface 33 and the second recording reproduction sur- 
face 43. 

[0051] Furthermore, L3 shows an amount of displace- 



ment between front positions in sectors of the respective 
recording reproduction surfaces at the time when the 
first recording reproduction surface 33 and the second 
recording reproduction surface 43 are bonded together 
5 This amount of displacement L3 shows a threshold val- 
ue of this bonding precision, that is, a maximum amount 
of displacement with reference to the front positions of 
the sectors when the first recording reproduction sur- 
face 33 and the second recording reproduction surface 
43 are bonded together 

[0052] Therefore, it satisfies L3^G3, where G3 is the 
length of the gap areas 333 and 433. Thus no overlap- 
ping area exists when viewed from above the surface in 
the irradiation direction of an optical beam, such as can 

15 be seen in FIG. 8 at the back end of the address area 
331 of the first recording reproduction surface 33 and at 
the front end of the data area 432 of the second record- 
ing reproduction surface 43. To eliminate this overlap- 
ping area, the length G3 of the gap area should be de- 

20 termined to be not less than the threshold value L3 of 
the bonding precision between the respective recording 
reproduction surfaces. 

[0053] Therefore, according to FIG. 2, when a record- 
ing for the second recording reproduction surface 43 is 

25 perfonned, a high-power optical beam 83 is emitted 
from the front in the data area 432 of the second record- 
ing reproduction surface 43, and at this time, an area of 
the first recording reproduction surface 33 on which the 
high-power optical beam 83 is emitted is its gap area 

30 333. Thus, a high-power irradiation to the address area 
331 of the first recording reproduction surface 33 can 
be avoided, and the crystal structure of a recording re- 
production film formed In the address area 331 is not 
affected. As a result, even when the address area 331 

35 of the first recording reproduction surface 33 is repro- 
duced after the recording operation for the second re- 
cording reproduction surface 43 is completed, the S/N 
ratio of the reproduced signal Is not deteriorated, and 
the address information can be recognized correctly. 

^0 [0054] Furthermore, as shown in FfG. 2, the present 
embodiment was explained by referring to the case in 
which the first recording reproduction surface 33 and the 
second recording reproduction surface 43 are bonded 
together in a state in which the front position in the sector 

45 of the first recording reproduction surface 33 is shifted 
to the right side of the surface relative to the second re- 
cording reproduction surface 43. However, also in the 
case in which the front position in the sector of the first 
recording reproduction surface 33 is shifted to the left 

50 side of the surface relative to the second recording re- 
production surface 43 and bonded together, when a re- 
cording operation for the first recording reproduction 
surface 33 Is performed, the high-power optical beam 
83 is emitted from the front in the data area 332 of the 

^5 first recording reproduction surface 33, and at this time, 
an area of the second recording reproduction surface 
43 on which the high-power optical beam 83 Is emitted 
is Its gap area 433. 
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[0055] Therefore, a high-power irradiation on the ad- 
dress area 431 of the second recording reproduction 
surface 43 can be avoided, and the crystal structure of 
a recording reproduction film formed in the address area 
431 is not affected. As a result, even when the address 5 
area 431 of the second recording reproduction surface 
43 is reproduced after the recording operation for the 
first recording reproduction surface 33 is completed, the 
S/N ratio of the reproduced signal is not deteriorated, 
and the address information can be recognized correct- 

iy- 

[0056] hurthermore, the present embodiment was ex- 
plained by referring to the case of having two recording 
reproduction surfaces. However, the feature of the 
present invention is applicable also to the case of having is 
three or more recording reproduction surfaces. Accord- 
ing to the present invention, a recording operation for 
an arbitrary recording reproduction surface does not af- 
fect address areas in other recording reproduction sur- 
faces, and its address information can be recognized 
correctjy. 

[0057] In this way, by securing the length of the gap 
area to be not less than the threshold value of the bond- 
ing precision for the plurality of recording reproduction 

surfaces, the address information can be recognized 25 
correctly when it is reproduced after recording, and the 
same effect as that shown in the first Embodiment can 
be obtained. 

[0058] Furthermore, the first Embodiment and the 

second Embodiment are characterized in that the 30 
amount of displacement between the front positions of 
the sectors is not more than the length of the gap area, 
and also in that the amount of displacement between 
the back ends of the address areas Is not more than the 
length of the gap area. 33 

Third Embodiment 

[0059] FIG. 3 (a) and FIG. 3 (b) are diagrams showing 
the actual sector structure of each recording reproduc- 40 
tion surface in a multilayer optical disc according to a 
third Embodiment of the present invention, which is ex- 
pressed In the form of a schematic sector structure. FIG. 
3 (a) shows a state in which a first recording reproduc- 
tion surface 34 is shifted in the scanning direction (to 45 
the right side of the drawing) of an optical beam 84 reh 
ative to a second recording reproduction surface 44 and 
bonded together. Furthermore, FIG. 3 (b) shows a state 
in which the first recording reproduction surface 34 is 
shifted in the direction opposite to the scanning direction so 
(to the left side of the drawing) of the optical beam 84 
relative to the second recording reproduction surface 44 
and bonded together. 

[0060] In FIG. 3 (a) and FIG. 3 (b), 341 , 343 and 342 
respectively show an address area, a gap area and a 55 
data area of the first recording reproduction surface 34, 
and 441 , 443 and 442 respectively show an address ar- 
ea, a gap area and a data area of the second recording 
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reproduction surface 44. In addition, 341 and 441 , 343 
and 443, and 342 and 442 respectively have an equal 
length in the scanning direction of the optical beam 84. 
Furthermore, a section Z1 shows a section in FIG. 3 (a) 
where a tip portion in the data area 442 of the second 
recording reproduction surface 44 overlaps with the gap 
area 343 of the first recording reproduction surface 34 
and also a section in FIG. 3 (b) where a tip portion in the 
data area 342 of the first recording reproduction surface 
34 overlaps with the gap area 443 of the second record- 
ing reproduction surface 44 . Therefore, a section Z2 
shows a section where the data area 342 of the first re- 
cording reproduction surface 34 overlaps with the data 
area 442 of the second recording reproduction surface 
44, and the section 21 corresponds to a bonding preci- 
sion between the first recording reproduction surface 34 
and the second recording surface 44. Furthermore, the 
section Z1 is configured so as to be not more than the 
length of the gap area 343 of the first recording repro- 
duction surface 34 and the gap area 443 of the second 
recording reproduction surface 44, 
[0061] Furthermore, in FIG. 3 (a), an area XI shown 
by oblique lines on the first recording reproduction sur- 
face 34 shows a recording range for recording informa- 
tion in the first recording reproduction surface 34. That 
is, the recording range X1 for recording information in 
the first recording reproduction surface 34 corresponds 
to the total range obtained by adding the section Z1 at 
the back end portion in the gap area 343 of the first re- 
cording reproduction surface 34 and the section 22. 
[0062] In this way, by determining the recording range 
for recording information in the first recording reproduc- 
tion surface 34 to be the same as the data area 442 of 
the recording range for recording Information in the sec- 
ond recording reproduction surface 44, the recording 
ranges of the first recording reproduction surface 34 and 
the second recording reproduction surface 44 are 
matched. In other words, the data recording starting po- 
sitions and the data recording ending positions are 
matched on the two recording reproduction surfaces. 
[0063] The amount of information to be recorded is 
the same for the two recording reproduction surfaces. 
This amount of information becomes equal to the 
amount of information predetermined by the data areas 
342 and 442. 

[0064] On the other hand, in FIG. 3 (b), an area X2 
shown by oblique lines on the second recording repro- 
duction surface 44 shows a recording range for record- 
ing information in the second recording reproduction 
surface 44. That is. the recording range X2 for recording 
information in the second recording reproduction sur- 
face 44 corresponds to the total range obtained by add- 
ing the section Z1 at the back end portion in the gap 
area 443 of the second recording reproduction surface 
44 and the section Z2. 

[0065] In this way, by determining the recording range 
for recording information in the second recording repro- 
duction surface 44 to be the same as the data area 342 
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of the recording range for recording information in the 
first recording reproduction surface 34, the recording 
ranges of the first recording reproduction surface 34 and 
the second recording reproduction surface 44 are 
matched. In other words /the data recording starting po- 5 
sitions and the data recording ending positions are 
matched on the Iwo recording reproduction surfaces. Al- 
so in this case, the amount of information to be recorded 
is the same for the two recording reproduction surfaces, 
and this amount of information becomes equal to the io 
amount of information predetermined by the data areas 
342 and 442. 

[0066] In this way, even when the two recording re- 
production surfaces are bonded together in a state In 
which they are not matched but shifted, by satisfying the 15 
relationship of L^G between the predetermined preci- 
sion L corresponding to this amount of displacement 
(the length of the section Z1 in FIG. 3 (a) and FIG. 3 (b)) 
and the length G of the gap areas 343 and 443, matching 
the recording range for one of the recording reproduc- so 
tion surfaces with the data area (442 in FIG. 3 (a) and 
342 in FIG, 3 (b)), determining the recording range for 
the other recording reproduction surface to be an area 
including a part of the gap area in addition to the most 
part of the data area (XI in FIG. 3 (a) and X2 in FIG. 3 25 
(b)), and recording while matching the recording ranges 
of the two recording reproduction surfaces, that is, the 
data recording starting positions and the data recording 
ending positions, the recording for the second recording 
reproduction surface can be performed with a uniform 30 
recording powereven when the first recording reproduc- 
tion surface Is already recorded. Therefore, such a non- 
uniform recording power as that described In the con- 
ventional example can be prevented, and an amplitude 
difference in the reproduction signal also can be sup- 35 
pressed. As a result, the recorded data information can 
be reproduced correctly. 

[0067] In addition, the amount of information to be re- 
corded in the two recording reproduction surfaces is not 
reduced from the amount predetemiined for the data ar- 40 
ea of each recording reproduction surface. Moreover, 
when the bonding precision between the two recording 
reproduction surfaces is determined to be not more than 
the length of the gap area located between the address 
area and the data area, even if the recording starting 45 
positions of the two recording reproduction surfaces are 
matched, neither of the recording starting positions of 
the recording reproduction surfaces breaks into the ad- 
dress area of this recording reproduction surface. 
Therefore, the reproduction signal In the address area 50 
also is not affected. 

[0068] /As explained above, the recording method of 
a multilayer optical disc according to the present em- 
bodiment neither affects the amount of information to be 
recorded northe reproduction signal in the address area 55 
and enables recording of optical information with a uni- 
form recording power. 

[0069] In addition, as described above, when two re- 



cording reproduction surfaces are provided, it is prefer- 
able to match the range for recording data with either 
one of the data areas of the recording reproduction sur- 
faces. 

FQur1.h Embodiment 

[0070] A fourth embodiment relates to an information 
recording reproduction device for recording information 

in the multilayer optical disc described in the third em- 
bodiment. 

[0071] In the following, an information recording re- 
production device in the present embodiment will be ex- 
plained by referring to the drawing. Since the intended 
multilayer optical disc was explained in the third embod- 
iment, FIG. 3 (a) and FIG. 3 (b) will be referred to from 
time to time in the description. 

[0072] FIG. 4 is a block diagram showing an informa- 
tion recording reproduction device according to a fourth 
embodiment of the present invention. In FIG. 4, 101 is 
a reproduction beam, and 102 is a recording beam. By 
using the reproduction beam 1 01 or the recording beam 
102 via an objective lens 122, a signal Is reproduced 
from or information is recorded in a multilayer optical 
disc 1 00 (having a double layer structure shown in FIG. 
3 (a) and FIG. 3 (b)), which is rotating at a rate for ob- 
taining a predetermined linear velocity. Furthenr^ore, 
1 50 Is a motorfor rotating the multilayer optical disc 1 00, 
and 151 Is a rotary encoder attached to the motor for 
sending one pulse 152 per one rotation. 
[0073] Furthermore, 104 is a photoelectric converter 
used for obtaining a reproduction signal 105 from the 
reproduction beam 101 as an electric signal. The repro- 
duction signal 1 05 is input into an address signal repro- 
duction processing part 106 (a part surrounded by the 
dotted line in FIG. 4) and processed therein by an en- 
velope detector 1 07, a comparator 1 09 and an edge de- 
tector 110, and a reset signal 115 for a counter 123 is 
sent from the address signal reproduction processing 
part 106. On the other hand, in the counter 123, a clock 
111 is input in its clock input terminal, and set values P 
and Q are input into their data input terminals. 
[0074] When a recording operation is performed for 
the first recording reproduction surface 34 shown in FIG. 
3 (a) and FIG. 3 (b), set values PI and Q1 become the 
set values P and Q to be set for the counter 123 via a 
select circuit 130. On the other hand, when a recording 
operation is performed for the second recording repro- 
duction surface 44, set values P2 and Q2 become the 
set values P and Q to be set for the counter 1 23 via the 
select circuit 130. Furthermore, the select circuit 130 is 
controlled by the state of a control command 131 , and 
the state of the control command 131 is determined by 
whether the recording operation is performed forthe first 
recording reproduction surface 34 or the recording op- 
eration is performed for the second recording surface 
44. 

[0075] Moreover, the counter 123 outputs a set input 



5DOCID: <EP 1191524A1 t > 



17 EP 1 191 

signal 1 1 9 of a ffip-flop 124 after a first predetermined 
time, determined by the set value P and the frequency 
of the clock 111, has passed from the time when the re- 
set signal 115 was activated. Furthermore, the counter 
1 23 outputs a reset input signal 1 20 of the flip-flop 1 24 5 
after a second predetermined time, determined by the 
set value Q and the frequency of the clock 111, has 
passed from the above time. Therefore, the first prede- 
termined time and the second predetermined time re- 
spectively are different times when the recording for the to 
first recording reproduction surface 34 and that for the 
second recording reproduction surface 44 are per- 
formed, 

[0076] Furthermore, by controlling a switch 112 by an 
output signal 121 from the flip-flop 124, the supply of 15 
recording data 113 to an optical modulator 103 can be 
controlled, and a recording signal 1 25 can be obtained. 
Moreover, the recording beam 1 02 is obtained from the 
recording signal 125 through the function of the optical 
modulator 1 03, and this recording beam 1 02 is emitted 20 
onto the multilayer optical disc 1 00 via the objective lens 
122 to record the desired data. 

[0077] In this way, the counter 123, the set values P, 
Q thereof and the flip-flop 1 24 construct a recording gate 
generation part for generating recording gate signals. 25 
[0078] Next, the operation of the information record- 
ing reproduction device according to the embodiment of 
the above configuration will be explained first referring 
to FfG. 5 (a) showing the timing of its major signai. 
[0079] FIG. 5 (a) shows the process of generating a 30 
timing for determining the operation at the time when a 
recording is perfonned for the multilayer optical disc 
shown in FIG. 3 (a), in which the first recording repro- 
duction surface 34 is bonded together with the bonding 
precision Z1 and in the state in which the first recording 35 
reproduction surface 34 is shifted to the right side of the 
surface relative to the second recording reproduction 
surface 44 (in addition, in FIG. 3 (a), the optical beam 
84 emitted as a recording beam from above the surface 
becomes a reproduction beam at the time of reproduc- 40 
tion). 

[0080] In FIG. 5 (a), 105a, 116a, 117a and 115a re- 
spectively correspond to the reproduction signal 1 05 
when the first recording reproduction surface 34 is re- 
produced (only the address reproduction signal from the 45 
address area is shown), an output signal 116 of the en- 
velope detector 1 07, an output signal 117 of the compa- 
rator 1 09 and the output signal 1 1 5 of the edge detector 
1 1 0 (the reset signal of the counter 1 23). Moreover, 1 1 9a 
and 1 20a respectively correspond to the set signal 119 50 
and the reset signal 120 sent to the flip-flop 124 when 
the set values P and Q for the counter 1 23 respectively . 
became PI and Q1 by the select circuit 130, that is, 
when the recording for the first recording reproduction 
surface 34 is to be performed , and 1 21 a corresponds to ss 
the output signal 121 of the flip-flop 1 24 (the control sig- 
nal of the switch 112). Furthermore, T1a is a period from 
the time when 115a is activated to the time when 11 9a 



524 A1 1 8 

is activated, which corresponds to the first predeter- 
mined time mentioned above, and T2a is a period from 
the time when 1 1 9a is activated to the time when 1 20a 
Is activated , which corresponds to the second predeter- 
mined time mentioned above. 

[0081] Furthermore, T2a is equal to the period during 
which the output signal 121 of the flip-flop 124 (the con- 
trol signal of the switch 112), that is, 121a is activated, 

and therefore, 1 25a is the timing of the recording signal 
125 with which the recording data 113 is gated by the 
switch 112. 

[0082] Furthermore, 105b, 116b, 117b and 116b re- 
spectively correspond to the reproduction signal 105 
when the second recording reproduction surface 44 is 
reproduced (only the address reproduction signal is 
shown), the output signal 116 of the envelope detector 
107, the output signal 117 of the comparator 109 and 
the output signal 115 of the edge detector 110 (the reset 
signal of the counter 123). Moreover 11 9b and 120b re- 
spectively correspond to the set signal 1 1 9 and the reset 
signal 120 sent to the flip-flop 124 when the set values 
P and Q for the counter 123 respectively became P2 
and Q2 by the select circuit 130, that is, when the re- 
cording for the second recording reproduction surface 
44 is performed, and 121b corresponds to the output 
signal 121 of the flip-flop 124 (the control signal of the 
switch 112). Furthermore, T1 b is a period from the time 
when 11 5b is activated to the time when 1 1 9b is activat- 
ed, which corresponds to the first predetermined time 
mentioned above, and T2b is a period from the time 
when 1 1 9b is activated to the time when 1 20b is activat- 
ed, which corresponds to the second predetermined 
time mentioned above. 

[0083] Furthermore, T2b is equal to the period during 
which the output signai 121 of the flip-flop. 124 (the con- 
trol signal of the switch 112), that Is, 121b is activated, 
and therefore, 1 25b is the timing of the recording signal 
1 25 with which the recording data 113 is gated by the 
switch 112. 

[0084] Therefore, T1 a and T1 a+T2a respectively are 
determined by the set values P1 , Q1 and the clock fre- 
quency of the counter 123, and T1b and T1b+T2fo re- 
spectively are determined by the set values P2, Q2 and 
the clock frequency of the counter 123 T1 a and Tib, 
T1a4-T2 and T1 b-»-T2b respectively are different times. 
[0085] Thus, in the case where the first recording re- 
production surface 34 and the second recording repro- 
duction surface 44 of the object multilayer optica! disc 
1 00 are bonded together as shown in FIG. 3 . (a), and the 
multilayer optical disc 1 00 is rotating at a predetermined 
linear velocity V, at the time when the recording for the 
first recording reproduction surface 34 is performed, the 
set value PI is determined such that the value of T1 a 
becomes equal to (A2+G2-Z1)/V (here, A2 and G2 re- 
spectively show the length of the address area 341 and 
the length of the gap area 343 on the first recording re- 
production surface 34), and the set value Q1 is deter- 
mined such that the value of T1a-i-T2a becomes equal 
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to (A2+G2+Z2)/V. Then, the state of the control input 
131 for the select circuit 130 is determined such that 
these values become the set values for the counter .1 23. 
£0086] On the other hand, atthetime when the record- 
ing for the second recording reproduction surface 44 is 
performed, the set value P2 Is determined such that the 
value of Tib becomes equal to (A3+G3)/V (here, A3 and 
G3 respectiveiy show the length of the address area 441 
and the length of the gap area 443 on the second re- 
cording reproduction surface 44), and the set value Q2 
is detemnined such that the value of T1 b+T2b becomes 
equal to {A3+G3+Zl4 22)A/ that is, (A34-G3+D3)A/ 
(here, D3 shows the length of the data area 442 on the 
second recording reproduction surface 44). Then, as 
mentioned above, the state of the control input 131 for 
the select circuit 130 Is determined such that these val- 
ues become the set values for the counter 123. 
[0087] In this way, while the recording signal 1 25a for 
the first recording reproduction surface 34 and the re- 
cording signal 125b for the second recording reproduc- 
tion surface 44 are activated, both T2a and T2b have 
the same timing, so that the data recording starting po- 
sitions and the data recording ending positions are 
matched on the first recording reproduction surface 34 
and the second recording reproduction surface 34. That 
Is, the recording ranges become the section X1 of the 
first recording reproduction surface 34 shown in FIG. 3 
(a) and the data area 442 of the second recording re- 
production surface 44, so that the recording ranges are 
matched. 

[0088] In other words, when the recording for the first 
recording reproduction surface 34 is performed, the re- 
cording starting position thereof is advanced from the 
front of the data area 342 by the bonding precision 21 
between the two recording reproduction surfaces (i. e. 
shifted to the direction opposite to the scanning direc- 
tion), and the recording ending position is set to be the 
back end of the area Z2 where the data area 342 of the 
first recording reproduction surface 34 overlaps with the 
data area 442 of the second recording reproduction sur- 
face 44. When the recording for the second recording 
reproduction surface 44 is performed, by detennining 
the predetennined data area 442 as the recording 
range, the data recording starting positions and the data 
recording ending positions on the two recording repro- 
duction surfaces are matched, that is, the recording 
ranges are matched. 

[0089] Next, the operation of the information record- 
ing reproduction device according to the present em- 
bodiment shown in FIG. 4 will be explained referring to 
FIG. 5 (b) showing the timing of its major signal. 
[0090] FIG. 5 (b) shows the process of generating a 
timing for determining the operation at the time when a 
recording is perfonned for the multilayer optical disc 
shown in FIG. 3 (b), in which the first recording repro- 
duction surface 34 is bonded together with the bonding 
precision Z1 and in the state in which the first recording 
reproduction surface 34 is shifted to the right side of the 



surface relative to the second recording reproduction 
surface 44 (in addition, in FIG, 3 (b), the optical beam 
84 emitted as a recording beam from above the surface 
becomes a reproduction beam at the time of reproduc- 
5 tlon). 

[0091] In FIG. 5 (b), 105a, 116a, 117a and 115a re- 
spectively correspond to the reproduction signal 105 
when the first recording reproduction surface 34 is re- 
produced (only the address reproduction signal from the 
address area is shown), an output signal 116 of the en- 
velope detector 1 07, an output signal 11 7 of the compa- 
rator 1 09 and the output signal 1 1 5 of the edge detector 
1 1 0 (the reset signal of the counter 1 23). Moreover, 1 1 9a 
and 120a respectively correspond to the set signal 119 
15 and the reset signal 120 sent to the flip-flop 124 when 
the set values P and Q for the counter 123 respectively 
became P1 and Q1 by the select circuit 130, that is, 
when the recording for the first recording reproduction 
surface 34 is to be performed, and 121 a corresponds to 
20 the output signal 121 of the flip-flop 1 24 (the control sig- 
nal of the switch 112). Furthermore, T1 a is a period from 
the time when 115a is activated to the time when 119a 
is activated, which corresponds to the first predeter- 
mined time mentioned above, and T2a is a period from 
25 the time when 1 1 9a is activated to the time when 120a 
is activated, which corresponds to the second predeter- 
mined time mentioned above. 

[0092] Furthermore, T2a is equal to the period during 
which the output signal 121 of theflip-fiop 124(thecon- 
30 trol signal of the switch 112), that is, 121a is activated, 
and therefore, 1 25a is the timing of the recording signal 
125 with which the recording data 113 is gated by the 
switch 112. 

[0093] Furthermore, 105b, 116b, 117b and 115b re- 
35 spectively correspond to the reproduction signal 105 
when the second recording reproduction surface 44 is 
reproduced (only the address reproduction signal is 
shown), the output signal 116 of the envelope detector 
107, the output signal 117 of the comparator 109 and 
40 the output signal 1 1 5 of the edge detector 1 1 0 (the reset 
signal of the counter 123). Moreover, 119b and 120b re- 
spectively correspond to the set signal 11 9 and the reset 
signal 120 sent to the flip-flop 124 when the set values 
P and Q for the counter 123 respectively became P2 
45 and Q2 by the select circuit 130, that is, when the re- 
cording for the second recording reproduction surface 
44 is performed, and 121b corresponds to the output 
signal 121 of the flip-flop 124 (the control signal of the 
switch 112). Furthermore, Tib is a period from the time 
50 when 11 5b is activated to the time when 1 1 9b is activat- 
ed, which corresponds to the first predetermined time 
mentioned above, and T2b is a period from the time 
when 1 1 9b is activated to the time when 1 20b is activat- 
ed, which corresponds to the second predetermined 
55 time mentioned above. 

[0094] Furthermore, T2b is equal to the period dunng 
which the output signal 121 of the flip-flop 124 (the con- 
trol signal of the switch 112). that is, 121b is activated, 
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and therefore, 125b Is the timing of the recording signal 
125 with which the recording data 113 is gated by the 
switch 112. 

[0095] Therefore, T1 a and T1 a+T2a respectively are 
determined by the set values PI , Q1 and the clock fre- 5 
quency of the counter 123, and T1b and T1b4T2b re- 
spectively are determined by the set values P2, Q2 and 
the clock frequency of the counter 123. Tia and T1b, 
T1 a+T2 and T1b~i-T2b respectively are different times. 
[0098] Thus, in the case where the first recording re-^' '^o 
production surface 34 and the second recording repro- 
duction surface 44 of the object multilayer optical disc 
1 00 are bonded together as shown in FIG. 3 (b) , and the 
multilayer optical disc 100 is rotating at a predetermined 
linear velocity V, at the time when the recording for the 15 
first recording reproduction surface 34 is performed, the 
set value PI is determined such that the value of T1a 
becomes equal to (A2+G2)A/, and the set value Q1 is 
determined such that the value of T1a+T2a becomes 
equal to (A24-G24-D2)/V. Then, the state of the control 20 
input 131 for the select circuit 130 is determined such 
that these values become the set values for the counter 
123. 

[0097] On the other hand, at the time when the record- 
ing for the second recording reproduction surface 44 is 25 
performed, the set value P2 is determined such that the 
value of Tib becomes equal to (A34-G3-Z1)A/ (here, A3 
and G3 respectively showthe length of the address area 
441 and the length of the gap area 443 on the second 
recording reproduction surface 44), and the set value 30 
Q2 is determined such that the value of T1 b-i-T2b be- 
comes equal to (A3+G3+Z2)A/. Then, when the state of 
the control input 131 for the select circuit 130 is deter- 
mined such thatthese values become the set values for 
the counter 123, both the times T2a and T2b during 35 
which the recording signal 125a for the first recording 
reproduction surface 34 and the recording signal 125b 
for the second recording reproduction surface 44 are ac- 
tivated have the same timing, so that the data recording 
starting positions and the data recording ending posi- 40 
tions are matched on the first recording reproduction 
surface 34 and the second recording reproduction sur- 
face 34. That is, the recording ranges become the data 
area 342 of the first recording reproduction surface 34 
and the section X2 of the second recording reproduction 45 
surface 34 shown in FIG. 3 (b), so that the recording 
ranges are matched. 

[0098] in other words, when the recording for the first 
recording reproduction surface 34 is performed, the pre- 
determined data area 342 is determined as the record- so 
ing range, and when the recording for the second re- 
cording reproduction surface 44 is performed, the data 
recording starting position is advanced from the front of 
the data area 442 by the bonding precision 21 between 
the two recording reproduction surfaces (i. e. shifted to ss 
the direction opposite to the scanning direction) , and the 
recording ending position is set to be the back end of 
the area Z2 where the data area 342 of the first recording 



reproduction surface 34 overlaps with the data area 442 
of the second recording reproduction surface 44. Thus, 
the data recording starting positions and the data re- 
cording ending positions on the two recording reproduc- 
tion surfaces are matched, that is, the recording ranges 
are matched. 

[0099] In addition, the calculation of the bonding pre- 
cision Z2 between the first recording reproduction sur- 
face 34 and the second recording reproduction surface 
44 (the detection of the amount of displacement) may 
be perfonned as follows. That is, first, from the time 
when one pulse 152 per one rotation is output from the 
rotary encoder 1 51 , the output time of the output signal 
116 from the envelope detector 107 at the time when 
the first recording reproduction surface 34 is reproduced 
is measured. Next, from the time vyhen one puise 152 
per one rotation is output from the rotary encoder 151 , 
the output time of the output signal 116 from the enve- 
lope detector 1 07 at the time when the second recording 
reproduction surface 44 is reproduced is measured. 
Then, the time difference between them is calculated 
and divided by the linear velocity V. 
[0100] Furthermore, the section Z2 where the data ar- 
ea 342 of the first recording reproduction surface 34 
overlaps with the data area 442 of the second recording 
reproduction surface 44 can be calculated easily based 
on the previously calculated value of Z1, since the 
lengths of the data areas on the two recording reproduc- 
tion Sun aces are alrGsdy known. 
[0101] In addition, the configuration of the multilayer 
optical disc used for the present embodiment Is the 
same as that shown in FIG. 3 (a) and FIG. 3 (b) de- 
scribed in the third embodiment. However, when the 
place where the gap area is to be inserted Is located 
between the data area and the address area of the next 
sector, the data recording starting position of the fir^t 
recording reproduction surface 34 or the second record- 
ing reproduction surface 44 can be delayed by the bond- 
ing precision thereof so as to match the data recording 
starting positions and the data recording ending posi- 
tions of the two recording reproduction surfaces, that is, 
the recording ranges. 

[0102] As described above, even when the first re- 
cording reproduction surface 34 and the second record- 
ing reproduction surface 44 are bonded together in the 
state in which they are shifted by the predetermined pre- 
cision Z1 , by determining the recording range of the first 
recording reproduction surface 34 and the recording 
range of the second recording reproduction surface 44 
as mentioned above, even in the case where the first 
recording reproduction surface 34 is already recorded, 
the transmittance of the recording beam in the recording 
range of the second recording reproduction surtace 44 
becomes constant, so that the power of recording beam 
emitted onto this recording range of the second record- 
ing reproduction surface 44 becomes uniform at the time 
of recording, 

[0103] Therefore, a difference in the signal amplitude 
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of the reproduction signal rasuiting from the non-uni- 
formity of the power of recording beam can be eliminat- 
ed within the recorded range, and data can be read out 
correctly from the reproduction signal. In particular 
when a phase change type material is used for the re- 
cording flirns constructing the recording reproduction 
surfaces, due to the fact that its phase state changes by 
recording and that the difference In the transmittance 
before and after the recording is large, more remarkable 
effect can be obtained. 

Fifth Embodiment 

[0104] FIG. 6 (a) and FIG. 6 (b) are diagrams showing 
the actual sector structure of each recording reproduc- 
tion surface In a multilayer optical disc according to a 
fifth Embodiment of the present invention, which Is ex- 
pressed in the form of a schematic sector structure. 
[0105] First, It will be explained referring to FIG. 6 (a). 
FIG. 6 (a) shows a state in which a first recording repro- 
duction surface 35 is shifted in the scanning direction 
(to the right side of the surface) of an optical beam 85 
relative to a second recording reproduction surface 45 
when the first recording reproduction surface 36 and the 
second recording reproduction surface 45 are bonded 
together. 

[0106] In FIG. 6 (a), 35 and 45 respectively are the 
first recording reproduction surface and the second re- 
cording reproduction surface in the present embodiment 
shown in the fomn of sector formats. 351 and 451 re~ 
spectively show address areas of the first recording re- 
production surface 35 and the second recording repro- 
duction surface 45, and 352 and 452 respectively show 
data areas of the first recording reproduction surface 36 
and the second recording reproduction surface 45. 353 
and 453 respectively show gap areas of the first record- 
ing reproduction surface 35 and the second recording 
reproduction surface 45. 

[0107] Furthermore, 354 and 454 respectively show 
guard areas (guard data areas) allocated to tip portions 
(starting end portions) in the data areas of the first re- 
cording reproduction surface 35 and the second record- 
ing reproduction surface 45. Furthermore, 355 and 455 
respectively show guard areas allocated to back end 
portions (termination portions) of the first recording re- 
production surface 35 and the second recording repro- 
duction surface 45. The four guard areas mentioned 
above are provided to protect the data to be recorded 
in the data areas, in which, for example, signals having 
a single frequency are recorded. Moreover the guard 
areas 354 and 454, respectively allocated to the tip por- 
tions of the first recording reproduction surface 35 and 
the second recording reproduction surface 45, have the 
equal length L2, and the guard areas 355 and 455, re- 
spectively allocated to the back end portions of the first 
recording reproduction surface 35 and the second re- 
cording reproduction surface 46, have the equal length 
L3. 
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[0108] Furthermore, L1 shows an amount of displace- 
ment between front positions in sectors of the respective 
recording reproduction surfaces at the time when the 
first recording reproduction surface 35 and the second 
5 recording reproduction surface 45 are bonded together. 
This amount of displacement LI is equal to the amount 
of displacement between the front positions In the data 
areas of the first recording reproduction surface 36 and 
the second recording reproduction surface 45 and 
^0 shows a bonding precision between the first recording 
reproduction surface 36 and the second recording re- 
production surface 45, which is L1^L2, compared with 
the length L2 of the guard areas 354 and 454. 
[0109] Here, provided that the data area 352 of the 
^5 first recording reproduction surface 36 including the 
guard data is already recorded, when the recording is 
performed thereafter for the data area 452 of the second 
recording reproduction surface 46 including the guard 
data, a fluctuation in the effective power of the recording 
20 beam is generated due to the difference in the transmit- 
tance of the optical beam 85 between the area of the 
length L1 In the front portion of the data area 452 and 
the residual area. As a result, a difference in the ampli- 
tude of the reproduction signal arises. 
2^ [0110] However, the area of the length LI at the front 
portion in the data area 452 of the second recording re- 
production surface 45 Is a part of the guard area 454 on 
the second recording reproduction surface 45, and the 
guard area is an area provided for the protection of data 
^0 to be recorded in the data area as mentioned above, so 
that the reproduction data is not affected even if the re- 
production signal in this area has an amplitude differ- 
ence resulting from the effective power difference in the 
recording beam. Thus, correct reproduction data can be 
35 obtained. 

[0111] in other words, when the bonding precision LI 
between the first recording reproduction surface 35 and 
the second recording reproduction surface 45 is not 
more than the length L2 of the guard areas 354 and 454 
respectively allocated to the tip portions in the data ar- 
eas of the first recording reproduction surface 35 and 
the second recording reproduction surface 45, the re- 
production data is not affected even when there is an 
amplitude difference in the reproduction signal resulting 
^5 fronn the effective power difference in the recording 
beam, and therefore, correct reproduction data can be 
obtained. 

[0112] Next, it will be explained referring to FIG. 6 (b). 
FIG. 6 (b) shows a state in which the first recording re- 
50 production surface 35 is shifted in the direction opposite 
to the scanning direction (to the left side of the surface) 
of the optical beam 85 relative to the second recording 
reproduction surface 46 when the first recording repro- 
duction surface 35 and the second recording reproduc- 
es tion surface 45 are bonded together 

[0113] In FIG. 6 (b), as In FIG. 6 (a), LI shows an 
amount of displacement between front positions in sec- 
tors of the respective recording reproduction surfaces 
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at the lime when the first recording reproduction surface 
35 and the second recording reproduction surface 45 
are bonded together. This amount of displacement L1 

is equal to the amount of dispiacernent between the 
back end positions in the data areas of the first recording ^ 
reproduction surface 35 and the second recording re- 
production surface 45 and shows a bonding precision 
between the first recording reproduction surface 35 and 
the second recording reproduction surface 45, which is 
L1 ^L3, compared with the length L3 of the guard areas io 
355 and 455. 

[0114] Here, provided that the data area 352 of the 
first recording reproduction surface 35 including the 
guard data is already recorded, and when the recording 
is performed thereafter for the data area 452 of the sec- is 
ond recording reproduction surface 45 including the 
guard data, a fluctuation in the effective power of the 
recording beam is generated due to the difference in the 
transm.ittance of the optical beam 85 between the area 
of the length L1 in the back end portion of the data area 20 
452 and the residual area, so that a difference in the 
amplitude of the reproduction signal arises. 
[01 1 5] However, the area of the length L1 at the back 
end portion in the data area 452 of the second recording 
reproduction surface 45 is a part of the guard area 465 25 
on the second recording reproduction surface.45, and 
the guard area is an area provided for the protection of 
data to be recorded in the data area as mentioned 
above, so that the reproduction data is not affected even 
if the reproduction signal in this area has an amplitude 30 
difference resulting from the effective power difference 
in the recording beam. Thus, correct reproduction data 
can be obtained. 

[0116] In other words, when the bonding precision L1 
between the first recording reproduction surface 36 and 35 
the second recording reproduction surface 45 is not 
more than the length L3 of the guard areas 355 and 455 
respectively allocated to the back end portions in the da- 
ta areas of the first recording reproduction surface 35 
and the second recording reproduction surface 45, the 40 
reproduction data is not affected even when there is an 
amplitude difference in the reproduction signal resulting 
from the effective power difference in the recording 
beam, and therefore, correct reproduction data can be 
obtained. 45 
[01 1 7] As described above, according to the present 
embodiment, by determining the bonding precision be- 
tween the first recording reproduction surface 35 and 
the second recording reproduction surface 45 to be not 
more than the length of the guard areas 354 and 454 50 
respectively allocated to the tip portions in the data ar- 
eas of the first recording reproduction surface 35 and 
the second recording reproduction surface 45, and also 
to be not more than the length of the guard areas 355 
and 455 respectively allocated to their back end por- 55 
tions, it is possible to perform the recording for obtaining 
correct reproduction data constantly. 
[01 1 8] In addition, the present embodiment was ex- 



plained by referring to the case of having two recording 
reproduction surfaces. However, also in the case of hav- 
ing three or more recording reproduction surfaces, by 
bonding the respective recording reproduction surfaces 
such that the bonding precision between the recording 
reproduction surfaces is not more than the length of the 
guard areas allocated to the tip portions of the data ar- 
eas and also not more than the length of the guard areas 
allocated to their back end portions, it is possible to per- 
form the recording for obtaining correct reproduction da- 
ta constantly from an arbitrary recording reproduction 
surface. 



Claims 

1 . A multilayer optical disc comprising a plurality of re- 
cording reproduction surfaces having a sector 
structure, in which an address area and a data area 
recorded in advance are divided by a gap area of a 
predetemiined length, wherein the plurality of re- 
cording reproduction surfaces are bonded together 
such that front positions in sectors in the plurality of 
recording reproduction surfaces have a precision of 
not more than the length of the gap area. 

2. A multilayer optical disc comprising a plurality of re- 
cording reproduction surfaces having a sector 
structure, in which an address area and a data area 
recorded in advance are divided by a gap area, 
bonded together with a predetermined precision 
with reference to front positions of the sectors, 
wherein the length of the gap area is not less than 
the predetermined precision with reference to the 
front positions of the sectors. 

3. A multilayer optical disc comprising a first recording 
surface and a second recording surface, each hav- 
ing an address area, a data area for recording in- 
formation and a gap area with a predetermined 
length arranged between the address area and the 
data area, wherein an amount of displacement be- 
tween a front position in the address area of the first 
recording surface and a front position in the address 
area of the second recording surface, seen from a 
direction of a beam emitted onto the recording sur- 
faces for recording and reproduction of information, 
is smaller than the length of the gap area. 

4. A multilayer optical disc comprising a first recording 
surface and a second recording surface, each hav- 
ing an address area, a data area for recording in- 
formation and a gap area with a predetermined 
length arranged between the address area and the 
data area, wherein an amount of displacement be- 
tween a back end position in the address area of 
the first recording surface and a back end position 
in the address area of the second recording surface, 
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seen from a direction of a beam emitted onto the 
recording surfaces for recording and reproduction 
of information, is smaller than the length of the gap 
area. 

5 

5, An optical information recording method for record- 
ing optica! information in a multilayer optical disc in- 
cluding a plurality of recording reproduction surfac- 
es formed on every layer, with a sector structure 
having a gap area arranged between an address io 
area and a data area in a scanning direction of an 
optical beam, wherein a bonding precision L with 
reference to a front position m the sector of a certain 
recording reproduction surface and a length G of 
the gap area in the scanning direction satisfies a is 
relationship of L for all recording reproduction 
surfaces, the method comprising the steps of de- 
tecting an amount of displacement between front 
positions In the sectors of other recording reproduc- 
tion surfaces relative to the front position in the sec- 20 
tor of the certain recording reproduction surface, 
and, based on the detected amount of displace- 
ment, determining a data recording starting position 
and a data recording ending position for each re- 
cording reproduction surface such that the data re- 
cording starting position and the data recording 
ending position of the respective sectors are 
matched in the plurality of recording reproduction 
surfaces. 

30 

6. The optical infomiation recording method according 
to claim 5, wherein the data recording starting po- 
sition and the data recording ending position re- 
spectively are determined to be the starting position 
and the ending position in the data area of the re- 55 
cording reproduction surface where the front posi- 
tion of the sector is displaced most in a direction 
opposite to the scanning direction among the plu- 
rality of recording reproduction surfaces. 

40 

7. An optical information recording device for record- 
ing optical information in a multilayer optical disc in- 
cluding a plurality of recording reproduction surfac- 
es formed on every layer with a sector structure 
having a gap area arranged between an address 45 
area and a data area in a scanning direction of an 
optical beam, wherein a bonding precision L with 
reference to a front position in the sectorof a certain 
recording reproduction surface and a length G of 

the gap area in the scanning direction satisfies a 50 
relationship of L for all recording reproduction 
surfaces, the device comprising a detection part for 
detecting an amount of displacement between front 
positions in the sectors of other recording reproduc- 
tion surfaces relative to the front position in the sec- 55 
tor of the certain recording reproduction surface, 
and a gate signal generation part for generating a 
gate signal designating a data recording ending po- 



sition from a data recording starting position for 
each recording reproduction surface to match the 
data recording starting positions and the data re- 
cording ending positions of the respective sectors 
in the plurality of recording reproduction surfaces, 
based on the amount of displacement detected by 
the detection part. 

8. The optical information recording device according 
to claim 7, wherein the gate signal designates the 
data recording starting position and the data record- 
ing ending position to be the starting position and 
the ending position in the data area of the recording 
reproduction surface where the front position of the 
sector is displaced most in a direction opposite to 
the scanning direction among the plurality of record- 
ing reproduction surfaces. 

9. A multilayer optical disc comprising layers on which 
a plurality of recording reproduction surfaces is 
formed, with a sector structure having a gap area 
arranged between an address area and a data area 
in a scanning direction of an optical beam, bonded 
together such that front positions in the sectors of 
the respective recording reproduction surfaces are 
contacted closely to each other in the scanning di- 
rection by a predetermined precision, wherein 
guard data recording areas having a length of not 
less than the predetermined precision are allocated 
to a tip portion and to a back end portion of the data 
area In the scanning direction. 
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